This study aimed at evaluating the effect of reproductive stage on nutritional status, and hormonal and trace mineral levels in sheep and goats reared in harsh arid conditions in South Sinai, Egypt. Egyptian local breeds of sheep (n=74) and goats (n=58) raised in South Sinai were examined by means of transabdominal ultrasonography to verify single vs. multiple feti pregnancy or non-pregnant status. Serum samples were collected for assessment of progesterone and trace minerals (selenium (Se), zinc (Zn), copper (Cu) and iron (Fe)) levels. Evaluation of the nutritional status of animal flocks showed that the mean body condition score was below the average levels, but did vary noticeably with pregnancy or between sheep and goats. Serum progesterone concentrations were significantly higher in pregnant animals with multiple fetuses than those bearing single fetus (p < 0.01), and both were higher than the respective values in non-pregnant animals (p < 0.001). Serum trace mineral levels were too low with no significant differences caused by pregnancy, number of fetuses or animal species. From these results, we could conclude that the state of pregnancy and fetal number have a significant influence on serum levels of progesterone. However, the harsh conditions in South Sinai in terms of scarce precipitation, low cultivation chances and high water salinity are the major factors influencing nutritional status or trace mineral levels in the reared small ruminants, regardless of the reproductive state or species.
INTRODUCTION
Sheep and goats are considered as productive species, although most breed of both species show yearly reproductive cycles. However, reproductive functions in these species are also controlled by other extrinsic factors, for instance, social and sexual interactions and nutritional status.
Body condition score (BCS) assessment in sheep and goats is beneficial to monitor the change in body reserves *Corresponding author. E-mail: karima_mahmoud@hotmail.com. Tel: +201001827716. Fax: +20233370931 Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License at various production stages throughout the year. In livestock systems, based on grazing and concentrate supplementation at milking, BCS monitoring is very essential to allow rapid changes in the dietary management in animals with low condition score (Molina et al., 1991) .
Progesterone, "the hormone of gestation", is the key hormone important for preparing the uterus for implantation and maintaining myometrial quiescence (Rahman, 2006) . The inspection of blood progesterone as well as ultrasonography are commonly used to determine the number of fetuses in pregnant animals (Medan et al., 2004) which is important for organizing the technological regimen of feeding and breeding, herd replacement, and to protect animals from metabolic diseases during the late stage of pregnancy. Linzell and Heap (1968) showed that progesterone was produced mainly by the ovaries (up to 10 mg/day, placenta 0 mg/day) in goats, whereas the placenta made the largest contribution (up to 14 mg/day, ovaries about 2 mg/day) in sheep.
In practice, weather conditions in Sinai do not facilitate animal breeding due to the absence of arable grounds and accessible fresh water. South Sinai is an area near the hyper-arid region with salt affected natural resources (water, soil, plants, etc.) and its main water resources originates from groundwater. Therefore, feed resources in the region represent one of the main obstacles to animal production development. The health and reproductive performance of grazing livestock depends on the adequacy and availability of both essential macro and micro elements from pastures (Robinson et al., 2006) .
Selenium is a non-metal with similar chemical properties as sulphur. It is a crucial ingredient of the glutathione enzyme system; and its deficiency could make cells to be susceptible to oxidation. In ruminants, the needs for selenium are generally low. However, forages and different feedstuffs produced in some parts of the world are lacking selenium. Selenium supplementation is required in these regions to anticipate economic losses in animal production. Extensive research indicates that selenium and vitamin E play imperative crucial role in shielding the body from diseases (Wilkins and Kilgour, 1982) . Supplementation with selenium and vitamin E has been demonstrated to diminish the frequency of retained placenta, metritis and increase the rate of uterine involution (Boland, 2003) .
Zinc is necessary in the production of more than 70 enzymes in the body. Due to its contribution in such a large number of catalysts, zinc is basic for vitality and protein digestion system. Limited zinc intake during pregnancy has serious impacts in animals, leading to fetus loss or premature labor (Apgar and Everett, 1991) . Serious zinc deficiency is uncommon in practice. However, borderline zinc deficiency is more frequent in ruminants. Zinc supplementation of ewes prior to mating and throughout pregnancy increased the number of lambs produced by 14% (Masters and Fels, 1980) . Lamb survival rate and birth weights were higher in ewes when supplementation was begun later in pregnancy (Masters and Fels, 1980) .
Copper is one of the essential trace metals which is necessary in maintaining the functioning of living organisms. It is required for the function of over 30 proteins including superoxide dismutase, ceruloplasmin, lysyl oxidase, cytochrome c oxidase, tyrosinase, dopamine-β-hydroxylase and hephaestin (Prohaska, 2011) . Moreover, reproductive performance of animals may be compromised if copper levels are marginal. Copper complexes with GnRH and interact with GnRH receptors and modulate intracellular signaling in the gonadotrope cells of the anterior pituitary (Michaluk and Kochman, 2007) . Common copper deficiency symptoms in cattle include delayed or suppressed estrus, decreased conception, infertility and embryo death (Corah and Ives, 1991) .
Iron is required for the synthesis of haemoglobin and myoglobin as well for the functioning of cytochrome enzymes of electron transport chain. Iron participates in transport of oxygen to tissues, maintenance of oxidative enzyme system and is associated with ferretin formation (Khillare et al., 2007) . Although forages are rich in iron, low availability in certain feeds could affect adversely, ruminant reproduction. Lower level of serum iron results in anemia, which in turn affects reproduction, adversely leading to increased number of insemination per conception and occasionally leading to abortion (Kumar et al., 2011) . Low levels of serum iron cause failure of conception and embryonic death due to change in molarity of the oviductal fluid in repeat breeding (Jain, 1994) .
The aim of the present work was to identify the body condition score, progesterone concentrations and levels of trace minerals in the serum of pregnant and nonpregnant sheep and goats raised under the arid conditions of South Sinai in Egypt.
MATERIALS AND METHODS

Animals and blood sampling
A total number of 74 sheep and 58 goats from Egyptian local breeds raised in South Sinai were examined for reproductive status by transabdominal ultrasonographic examination using 5 MHz linear array probe (SonoVet 600; Medison, Korea). Accordingly, animals were classified into three groups: carrying single fetus, multiple fetuses and non-pregnant. Blood samples (10 ml) were collected from the jugular vein of all animals into non-heparinized Vacutainer tubes. Serum was collected upon centrifugation at 3000 rpm for 20 min, labeled and stored at -20°C until analyzed.
Assessment of body condition score
BCS) was measured manually. In sheep, the lumbar region is the principal site for BCS determination (Russel et al., 1969) , while in goats, the rib cage and sternum also play a role (Mendizabal et al., 2010) . Scoring of sheep and goats is done using a BCS ranging from 1.0 to 5.0, with 0.5 increment. An animal of BCS 1.0 is extremely thin with no fat reserves and BCS of 5.0 represents an over conditioned (obese) animal.
Progesterone analysis
Progesterone level in serum was determined by the use of progesterone EIA kits (Cat. No. 4210-96, Syntron Bioresearch, CA, USA) according to the method of Boscos et al. (2003) .
Mineral concentrations
Serum trace minerals (Zn, Cu, Fe and Se) concentrations were measured in thawed sera at room temperature using a flame atomic absorption spectrophotometer (Spectra AA20, Varian Co., Australia, Switzerland).
Statistical analysis
Data were subjected to ANOVA using SPSS for Windows Version 16.0, Statistical Software. Comparison of means was carried out by least square difference (LSD). An independent student t-test was used to find the significant differences between sheep and goats. Differences were considered to be significant at P<0.05.
RESULTS
Effects of litter size on body condition score in sheep and goats
Surveying of nutritional status of animal flocks reared in South Sinai revealed that the mean body condition score was 2.38 ± 0.19 and 2.56 ± 0.13 vs. 2.27 ± 0.08 and 2.26 ± 0.08 in pregnant versus non-pregnant sheep and goats, respectively. These values were not significantly different regardless of the status of pregnancy or animal species (Table 1) .
Effects of litter size on serum progesterone levels in sheep and goats
Serum progesterone concentrations in sheep with single or multiple fetuses vs. non-pregnant animals were 23.21 ± 3.38, 59.66 ± 5.63 versus 4.08 ± 0.98 ng/ml, respecttively. On the other hand, goats with single or multiple fetuses versus non-pregnant animals were 16.96 ± 1.52 and 25.32 ± 3.32 versus 6.50 ± 1.67 ng/ml, respectively (Table 2) . Animals bearing more than one fetuses had higher levels of progesterone as compared to those bearing single fetus (p < 0.01), and both were higher than those in non-pregnant animals (p < 0.001).
Effects of litter size on serum trace mineral levels in sheep and goats
Serum trace minerals in pregnant and non-pregnant sheep and goats raised in South Sinai are presented in Table 3 . Statistical analysis of serum levels of selenium, zinc, copper and iron revealed not significant effect of the pregnancy condition on their levels in sheep and goats. Moreover, no statistical difference was observed in the concentration of trace element between sheep and goats.
DISCUSSION
Sheep and goats are very important species due to their biological identity, such as short generation interval, twinning, short growth periods and medium space requirements. Many arid and semi-arid regions in the world have soils and water resources that are too saline for most of the common conventional crop systems. Sheep and goat breeding appears as an alternative, although the harsh conditions could have an effect on the reproductive performance of the animals (Robinson et al., 2006) . The most ideal approach to evaluate the state of an animal is to assess whether it has the correct weight for its age and physiological stage. On the other hand, it is not always possible to weigh an animal on a scale, e.g. under field conditions, in mountainous areas; at the same time, weighing ewes in advance may induce stress and negatively influence animals. Body condition score is an estimate of the muscle and fat development of an animal. Muscles become toned and larger with exercise, but there is a point where additional muscle size cannot increase more. In this way, the body condition score is known as a safe and realistic option technique to assess an animal's condition. Routine scoring of the body condition of animals can help detect potential problems that might cause a decrease in reproduction performance. In the present study, pregnant sheep and goats had greater values for body condition score, although these values were not significantly different as compared to non-pregnant animals. These results may be attributed to the fact that the lipid reserves of the animal change during the breeding period, with an increase during pregnancy, and mobilization at parturition and the beginning of lactation (Bauman and Currie, 1980) . According to Navarre et al. (2012) , pregnant goats should have a body condition score between 2.5 and 3, 45 days before parturition. Aliyari et al. (2012) suggested that reproductive performance in ewes with BCS = 3 was improved, while the lambing rate was reduced in ewes with BCS = 3.5 or more. A previous study by Gaias (2011) demonstrated that the general average of BCS was 2.65 in sheep; with the most frequent classes of observed BCS which is 2.75 (corresponding to 38.2% of observations) and the 2.50 (corresponding to 29.2% of total observations). The minimum BCS detected was 2.0 and the maximum BCS detected was 4.0. Measurement of progesterone is a widely used technique for monitoring ovarian function and for assessing pregnancy in animals (Terzano et al., 2012 ). In the current study, progesterone level showed significant differences between sheep and goats bearing one or multiple fetuses or non-pregnant animals. Generally, pregnant small ruminants exhibit higher (p<0.05) levels of progesterone than non-pregnant (Al-Sobaiyl, 2010). Robertson and Sarda (1971) recorded a tendency for blood progesterone concentration to be higher in sheep bearing two fetuses. Moreover, Boscos et al. (2003) demonstrated a significant positive correlation between progesterone concentration and the number of lambs or kids born, and further analysis indicated that this relationship is not a simple linear one. Also, in goats, maternal serum progesterone concentrations are positively correlated with the number of corpus luteum and fetus (Khan and Ludri, 2002) . Higher levels of progesterone in pregnant sheep versus goats in the present study might be attributed to the differences in the sources of progesterone in species (Linzell and Heap, 1968) .
Trace minerals are an integral compartment for energy production, enzyme activity, hormone synthesis, vitamins and tissue synthesis, oxygen transport, and other physiological processes related to wellbeing, development and reproduction (Gurdogan et al., 2006 ). An evaluation of trace minerals status reveals whether elements supplementation of the animals' feed is satisfactory and whether productivity is prone to be enhanced with supplementation of trace elements (Solaiman et al., 2006) . Current results showed that the serum trace minerals (selenium, zinc, copper and iron) were not significantly different with pregnancy condition in sheep and goats reared in South Sinai. Concerning zinc level changes, plasma Zn levels in goats change as per the physiological status, with the most outstanding differences after parturition and during lactation (Ahmed et al., 2001) . Conversely, Gurdogan et al. (2006) did not discover changes in serum Zn levels in sheep with single or twin fetuses, neither during parturition nor during lactation. At the same time, abortion in sheep was not related with alternations in circulating Zn levels (Naziroğlu et al., 1998) . Concerning blood selenium changes, Gurdogan et al. (2006) did not find changes in serum Se levels in pregnant sheep that bore single or twin fetuses, however, their levels were significantly lower in animals approaching lambing, that is, 150 days of pregnancy. Zvonko et al. (2004) demonstrated that the serum Se level was significantly higher in sheep at 20 days before lambing when compared with lactating ones. Scarce information is available regarding the effect of reproductive status on serum Se levels in goats, although in general, sheep have significantly higher concentrations than goats and cattle (van Niekerk et al., 1990) . Regarding serum Cu changes, Mohammed et al. (2014) showed that serum Cu did not vary among physiological stages in sheep, however, high percentages of serum Cu below the critical level (<0.5mg/L) were found at all physiological stages in sheep (40-60%) reared in Trinidad. On the contrary, Al-Sobaiyl (2010) stated that Cu levels were noticeably higher in pregnant than nonpregnant does. The difference between current results and previous studies indicated a significant higher level of Cu in pregnant as compared to non-pregnant animals which might be attributed to geographical area, breed differences and time of blood sampling. Concerning iron levels, Al-Sobaiyl (2010) found that iron concentration was not affected neither by season nor by pregnancy in goats. On the other hand, Tanritanir et al. (2009) found that Fe levels increase after parturition.
It could be concluded that the reproductive status has a significant impact on serum levels of progesterone. However, the region of South Sinai with its characteristics of poor land conditions, low cultivation chances and high salinity may contribute to low body condition of pregnant sheep and goats. Finally, trace minerals levels appeared not to be significantly influenced by the reproductive status.
